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$E$ $u,$ $v\in V$
$e=\{u, v\}\in E$ $u$ $v$








$V_{1}=V_{2},$ $\sigma_{1}=\sigma_{2}$ , $E_{2}\subseteq E_{1}$




. $V=\{r\}$ $E=\emptyset$ $w=\sigma(r)$ $T$
. $n\geq 1,$ $T_{1}=(V_{1}, E_{1}, r_{1}),$ $\ldots,$ $T_{n}=(V_{n},$ $E_{n}$ ,
$r_{n}),$ $V=V_{1}\cup\cdots\cup V_{n}\cup\{r\},$ $r\not\in V_{1}\cup\cdots\cup V_{n}$ ,
$1\leq i,j\leq n$ $V_{i}\cap V_{j}=\emptyset$ ,












$\mathcal{A}=(Q, \Sigma, q_{0}, R)$
$Q$ $q_{0}\in Q$ $R$
$q(f(x_{1}, \ldots,x_{n}))arrow f(q_{1}(x_{1}), \ldots,q_{n}(x_{n}))$
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$n\geq 0,$ $f\in\Sigma,$ $q,$ $q_{1},$ $\ldots,$ $q_{n}\in Q,$ $x_{1},$ $\ldots$ ,
$x_{n}\in \mathcal{X}$ $n=0$ $q(f())arrow f()$
$q(f)arrow f$
$D$ $\Sigma$
$\mathcal{A}$ $\Sigma$ $D$ $A$
$D$ $T$
$T$ $w$ $w$ $\mathcal{A}$
$\mathcal{V}=\{v_{1}, \ldots, v_{n}\}$ $\mathcal{F}$
$\mathcal{F}$ $G=(V, E)$
$V=$ $\{v_{1}, \ldots, v_{n}\}\cup\{\overline{v}_{1}, \ldots,\overline{v}_{n}\}\cup\{c_{1}, \ldots, c_{m}\}$
$\cup\{s_{v_{1}}, \ldots, s_{v_{n}}\}\cup\{t_{v_{1}}, \ldots, t_{v_{n}}, t_{\overline{v}_{1}}, \ldots, t_{\overline{v}_{n}}\}$
$\cup\{u_{v_{1}}, \ldots, u_{v_{n}}, u_{\overline{v}_{1}}, \ldots, u_{\overline{v}_{n}}\}$






1 $\Sigma$ $|\Sigma|\geq 3$
$NP$
( ) (SAT)
$\Sigma$ 3 $a,$ $b,$ $c$
$A=(Q, \Sigma, q_{0}, R)$
$Q=\{q_{0}, q_{1}, q_{2}, q_{3}\}$ ,
$R=\{q_{0}(a(x_{1}, x_{2}))arrow a(q_{1}(x_{1}), q_{3}(x_{2}))$ ,
$q0(b(x_{1}, x_{2}))arrow b(q_{1}(x_{1}), q_{3}(x_{2}))$ ,
$q_{1}(b(x_{1}, x_{2}))arrow b(q_{0}(x_{1}), q_{2}(x_{2}))$ ,
$q_{1}(b(x_{1}))arrow b(q_{2}(x_{1}))$ ,
$q_{2}(b(x_{1}, x_{2}))arrow b(q_{2}(x_{1}), q_{2}(x_{2}))$ ,
$q_{2}(b(x_{1}))arrow b(q_{2}(x_{1})),$ $q_{2}(c)arrow c$ ,
$q_{3}(b(x_{1}))arrow b(q_{3}(x_{1})),$ $q_{3}(c)arrow c\}$ .
$\mathcal{F}$ (CNF)
$C=\{c_{1}, \ldots, c_{m}\}$ $\mathcal{F}$
$E=\{\{s_{v_{i}}, v_{i}\}, \{s_{v_{i}},\overline{v}_{i}\}|1\leq i\leq n\}$
$\cup\{\{v_{i}, s_{v_{i+1}}\}, \{\overline{v}_{i}, s_{v_{i+1}}\}|1\leq i\leq n-1\}$
$\cup\{\{v_{i}, u_{v_{i}}\}, \{\overline{v}_{i}, u_{\overline{v}_{i}}\}|1\leq i\leq n\}$
$\cup\{\{u_{v_{i}}, w_{[v_{i},c_{1}]}\}, \{u_{\overline{v}_{i}}, w_{[\overline{v}_{i}},$ $1]\} |1\leq i\leq n\}$
$\cup\{\{w_{[v_{i},c_{j}]}, w_{[v_{i},c_{j+1}]}\},$ $\{w[\overline{v}_{i},c_{j}], w_{[\overline{v}_{i},c_{j+1}]}\}|$
$1\leq i\leq n,$ $1\leq j\leq m-1\}$
$\cup\{\{w_{[v_{i},c_{m}]}, t_{v_{i}}\}, \{w_{[\overline{v}_{i},c_{m}]}, t_{\overline{v}_{i}}\}|1\leq i\leq n\}$
$\cup\{\{w_{[v_{i},c_{j}]}, c_{j}\}|$
$1\leq i\leq n,$ $1\leq i\leq m,$ $v_{i}$ $c_{j}$ }
$\cup\{\{w_{[\overline{v}_{i},c_{j}]}, c_{j}\}|$
$1\leq i\leq n,$ $1\leq i\leq m,\overline{v}_{i}$ $c_{j}$ }.
$\sigma(s_{v_{1}})=a,$ $v\in\{c_{1},$ $\ldots$ ,














$(v_{1}\vee\overline{v}_{2}\vee v_{3})\wedge(v_{1}\vee v_{3}\vee\overline{v}_{4})\wedge(\overline{v}_{2}\vee\overline{v}_{3}\vee v_{4})$




















$arrow f(q_{2}(x_{1}), q_{4}(x_{2}),q_{4}(x_{3}))$ ,
$q_{2}(f(x_{1},x_{2}, x_{3}, x_{4}))$




$arrow f(q_{3}(x_{1}), q_{4}(x_{2}),q_{4}(x_{3}))$ ,
$q_{2}(f(x_{1},x_{2},x_{3},x_{4},x_{5}))$
$arrow f(q_{4}(x_{1}),q_{4}(x_{2}), q_{4}(x_{3}),q_{4}(x_{4}),q_{4}(x_{5}))$ ,
$q_{3}(f(x_{1}, x_{2},x_{3},x_{4}, x_{5}))$
$arrow f(q_{4}(x_{1}), q_{4}(x_{2}), q_{4}(x_{3}), q_{4}(x_{4}),q_{4}(x_{5}))$ ,
$q_{4}(f)arrow f\}$ .
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$\{v_{1}, v_{2}\},$ $\{v_{2}, v_{3}\}$
$v_{2}$
$\{v_{1}, v_{2}\},$ $\{v_{2}, v_{3}\}$
$\{v_{1}, v_{3}\}$
3. 2 $V_{1},$ $V_{2}$
$\{v_{1}, v_{3}\}$
1.
$\backslash ’\backslash ’rightarrow^{\backslash l}$
’
$=>$
$\backslash ’|’\backslash i\bullet^{\backslash \prime}$
$v_{1}$ $v_{2}$ $v_{1}$
2. $’ \backslash \frac{\prime\prime\backslash \prime\prime\backslash \prime\prime\prime\prime}{v_{1}v_{2}v_{\grave{3}}}l’$
’
$=$ $’.\prime\prime\prime\backslash \prime\prime\primerightarrow’\backslash r\backslash v_{1}v_{j}\prime\prime$
3.
$\prime\prime\backslash ’\backslash ’\backslash ’\backslash \backslash \Leftrightarrow’’\backslash$
$=>$
$\backslash .’\backslash ..l\backslash .’\backslash .’rightarrow’\prime\prime$
$v_{1}$ $v_{2}$ $v_{I}$ $v_{2}$
3:
$r:q(f(x_{1}, \ldots,x_{n}))arrow f(q_{1}(x_{1}), \ldots,q_{n}(x_{n}))$
state $(r)$ $q$ sym$(r)$ $f$





2: $E’:=\{(v_{1}, v_{2})|\{v_{1}, v_{2}\}\in E$ $v_{1}<v_{2}\}$





$S$ : for all $r:q(f(x_{1}, \ldots, x_{n}))arrow f(q_{1}(x_{1}),$ $\ldots$ ,
$q_{n}(x_{n}))\in R$ do
9. if $n\geq 1$ $\sigma(v_{1})=f$ then
10: $A[e]$ $:=A[e]\cup\{(r, \{x_{i}\}, r’, \emptyset)|1\leq i\leq n$ ,
$r’\in R$ , sym$(r’)=\sigma(v_{2})h\backslash$ state$(r’)=$
$q_{i}\}$
11: end if
12: if $n\geq 1$ $\sigma(v_{2})=f$ then
13: $B[e]$ $:=B[e]\cup\{(r’, \emptyset, r, \{x_{i}\})|1\leq i\leq n$ ,




16: for all $(r, r’)\in R\cross R$ do
17: if sym$(r)$ $=\sigma(v_{1})h\backslash$ sym$(r’)$ $=\sigma(v_{2})$
then








25: for all $r\in R$ do
26: if sym$(r)=\sigma(v)$ then
27: $A[v]:=A[v]\cup\{(r, \emptyset)\}$
28: end if





34: while $|V|>1$ do
35: if $v_{2}\in V$ 1 $\{v_{1}, v_{2}\}$
then
36: $V:=V-\{v_{2}\}$
37: if $v_{1}<v_{2}$ then
38: $E’:=E’-\{(v_{1}, v_{2})\}$
39: $A[v_{1}]$ $:=\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in A[v_{1}]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{3})\in A[(v_{1}, v_{2})],$ $(r’, \mathcal{X}_{4})\in$
$A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var $(r’)$ $\mathcal{X}_{3}$ $\mathcal{X}_{4}=$
$\emptyset\}$
40: $B[v_{1}];=\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in B[v_{1}]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{3})$ $\in A[(v_{1}, v_{2})],$ $(r’, \mathcal{X}_{4})\in$
$A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var$(r’)$ $\mathcal{X}_{3}$ $\mathcal{X}_{4}=$
$\emptyset\}\cup\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in A[v_{1}]$,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{3})$ $\in B[(v_{1}, v_{2})],$ $(r’,\mathcal{X}_{4})\in$
$B[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var $(r’)$ $\mathcal{X}_{4}=$
$\emptyset\}\cup\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in A[v_{1}]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{3})$ $\in D[(v_{1}, v_{2})],$ $(r’, \mathcal{X}_{4})\in$




43: $A[v_{1}]$ $:=\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in A[v_{1}]$ ,
$(r’, \mathcal{X}_{3}, r, \mathcal{X}_{2})\in B[(v_{2}, v_{1})],$ $(r’, X_{4})\in$
$A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var$(r’)$ $\mathcal{X}_{3}\cap \mathcal{X}_{4}=$
$\emptyset\}$
44: $B[v_{1}]:=\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in B[v_{1}]$ ,
$(r’, \mathcal{X}_{3},r, \mathcal{X}_{2})\in B[(v_{2}, v_{1})],$ $(r’, \mathcal{X}_{4})\in$
$A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var $(r’)$ $\mathcal{X}_{3}$ $\mathcal{X}_{4}=$
$\emptyset\}\cup\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in A[v_{1}]$ ,
$(r’, \mathcal{X}_{3}, r, \mathcal{X}_{2})\in A[(v_{2}, v_{1})],$ $(r’, \mathcal{X}_{4})\in$
$B[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var $(r’)h^{\backslash }$ $\mathcal{X}_{3}\cap \mathcal{X}_{4}=$
$\emptyset\}\cup\{(r, \mathcal{X}_{1}\cup \mathcal{X}_{2})|(r, \mathcal{X}_{1})\in A[v_{1}]$ ,
$(r’, \mathcal{X}_{3}, r, \mathcal{X}_{2})\in D[(v_{2}, v_{1})],$ $(r’, \mathcal{X}_{4})\in$
$A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}=$ var$(r’)$ $\mathcal{X}_{3}\cap \mathcal{X}_{4}=$
$\emptyset\}$
45: end if
46: else if $v_{2}\in V$ 2
$\{v_{1}, v_{2}\},$ $\{v_{2}, v_{3}\}$ then
47: $V:=V-\{v_{2}\}$
48: if $v_{1}<v_{2}$ $v_{2}<v_{3}$ then
49: $E:=E’-\{(v_{1}, v_{2}), (v_{2}, v_{3})\}$
50: $A:=\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})|(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})\in$
$A[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4}, r’, \mathcal{X}_{2})\in A[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})\in A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}=$ var$(r”)$
$\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }
51: $B$ $:=\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})|(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})\in$
$B[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4},r’, \mathcal{X}_{2})\in B[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})\in A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}=$ var$(r”)$
$\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }
52: $C:=\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})|(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})\in$
$C[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4}, r’, \mathcal{X}_{2})\in B[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})$ $\in$ $A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}$ $=$
var $(r”)$ $\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }
$\cup\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})$ $|$ $(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})$ $\in$
$A[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4}, r’, \mathcal{X}_{2})\in C[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})\in A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}=$ var$(r”)$
$\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }
53: $D:=\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})|(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})\in$
$B[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4}, r’, \mathcal{X}_{2})\in A[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})$ $\in$ $B[v_{2}]$ , $\mathcal{X}$ $\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}$ $=$
var$(r”)$ $\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }
$\cup$ $\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})$ $|$ $(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})$ $\in$
$D[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4}, r’, \mathcal{X}_{2})\in A[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})$ $\in$ $A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}$ $=$
var$(r”)$ $\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }
$\cup\{(r, \mathcal{X}_{1}, r’, \mathcal{X}_{2})$ $|$ $(r, \mathcal{X}_{1}, r’’, \mathcal{X}_{3})$ $\in$
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$B[(v_{1}, v_{2})],$ $(r”, \mathcal{X}_{4}, r’, \mathcal{X}_{2})\in D[(v_{2}, v_{3})]$ ,
$(r”, \mathcal{X}_{5})\in A[v_{2}],$ $\mathcal{X}_{3}\cup \mathcal{X}_{4}\cup \mathcal{X}_{5}=$ var $(r”)$
$\mathcal{X}_{3},$ $\mathcal{X}_{4},$ $\mathcal{X}_{5}$ }







61: $A[(v_{1}, v_{3})]$ $;=$ $\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2},$ $r’,$ $\mathcal{X}_{3}\cup$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $A[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in C,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}\cup\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2},$ $r’,$ $\mathcal{X}_{3}\cup$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $C[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in A,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}$
62: $B[(v_{1}, v_{3})]$ $;=\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2},$ $r’,$ $\mathcal{X}_{3}\cup$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $B[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in C,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset$ $h\backslash$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}\cup\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2},$ $r’$ , $\cup$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $C[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in B,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset h^{t}$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}$
63: $C[(v_{1}, v_{3})]$ $;=\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2},$ $r’$ , $\mathcal{X}$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $C[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in C,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}$
64: $D[(v_{1}, v_{3})]$ $;=\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2}$ , r’, $\mathcal{X}$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $D[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in C,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset\hslash\backslash$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}\cup\{(r,$ $\mathcal{X}_{1}\cup \mathcal{X}_{2},$ $r’,$ $\mathcal{X}_{3}\cup$
$\mathcal{X}_{4})$ $|$ $(r, \mathcal{X}_{1}, r’, \mathcal{X}_{3})$ $\in$ $C[(v_{1}, v_{3})]$ ,
$(r, \mathcal{X}_{2}, r’, \mathcal{X}_{4})\in D,$ $\mathcal{X}_{1}\cap \mathcal{X}_{2}=\emptyset$
$\mathcal{X}_{3}\cap \mathcal{X}_{4}=\emptyset\}$
65: end if
66: elSe if $v_{1}<v_{2}h^{\backslash }$ $v_{3}<v_{2}$ then
67: $E:=E’-\{(v_{1}, v_{2}), (v_{3}, v_{2})\}$
68: ( )
69: else if $v_{2}<v_{1}B$ $\text{ _{}v_{2}}<v_{3}$ then
70: $E$ $:=E’-\{(v_{2}, v_{1}), (v_{2}, v_{3})\}$
71: ( )
72: else if $v_{2}<v_{1}$ $B$ $v_{3}<v_{2}$ then






79: if $(r, \mathcal{X})\in B[v]$ var $(r)=\mathcal{X}$ then
so: return accept
sl: else
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